Pediat. Res. 10: 7 13-720 (1976) Alaninuria metabolic acidosis inborn e r r o r of metabolism pyruvate dehydrogenase deficiency lactic acidosis skin fibrosis m e n t a l retardation Extract diet containing 65% carbohydrates precipitated a severe episode of lactic acidosis and whose two sisters died of the same disorder. His A 9-year-old boy with severe mental and growth retardation and cultured skin fibroblasts proved to be deficient i n PDH activity, diffuse neurologic damage had minimal elevation of blood pyruvate (0.21 mM) and lactate (2.1 mM) on a normal diet hut developed CASE REPORTS life-threatening lactic acidosis (pH 7.14; lactate 21.0 mM) on a diet containing 65% carbohydrates and 15% fat. Subsequently, CASE I blood pyruvate levels rose significantly higher than in 16 control subjects during a glucose tolerance test whereas the glucose levels
When seen at age 8.5 years, the patient was severely stunted in activities pyruvate decarboxylase and of the 2-oxoglutarate de-growth, profoundly retarded. had flexion deformities of the hands hydrogenase complex were within the normal range. Pyruvate de-and feet, but had no dysplastic features. Weight was 11.4 kg; hydrogenase levels in extracts of the parents9 cells were midway height, 95 cm; and head circumference. 50 cm. His pulse rate was between those of the patients and the control subjects. ~i~i~~ never found to be below 100. He appeared to hear and see and had experiments, addition of excess cofactor, and studies of activation no evidence of optic atrophy or retinitis pigmentosa. He could not failed to implicate a soluble inhibitor, abnormal binding of co-turn over, sit up. hold his head up, follow, or transfer objects. His factors, or defective activation as causes of the reduced enzyme posture was dystonic with continual choreoathetoid movements. activitv.
He tended to hold his muscles rigidly but was profoundly ~h~" data are consistent an inherited defect in the second hypotonic when he relaxed. There were bilateral extensor plantar enzyme of the pyruvate dehydrogenase complex, lipoate acetyl-reflexes. The deep tendon reflexes were normal to slightly intransferase (EC. 2.3.1.12) . ~h~ defect appears to be inherited in an creased. There was scissoring, marked primitive reflexes. but there autosomal recessive manner.
were no apparent deficits of the cerebellar or sensory systems. There was mild anemia. retarded carpal bone age. and the electroencephalogra~n was mildly abnormal because of diffuse Speculation slowing. Fasting scrum cholcstcro'l (246 mg/dl) and plzsma fice Diets low in carbohydrate and enriched in fats mag benefit fatty acids (0.99 mEq/liter),on a routine hospital diet were minipatients with pyruvate dehydrogenase deficiency. mally elevated. Normal general laboratory studies included electrolytes. blood sugar including one test after a 19-hr fast (92 mg/ dl) and a glucose tolerance test (I hr, 170; 2 hr, 95; 3 hr, 85; 4 hr, For the past 10-15 years. pyruvic and lactic acids have been 95) with insulin determinations, serum triglycerides (51 mg/dl), reported to accumulate in the blood and urine of occasional calcium, phosphorus, magnesium, creatinine, uric acid, serum patients with developmental retardation and neurologic disease (2. glutamate-oxaloacetate and glutamate-pyruvate transaminases 4, 10, 21, 24, 34, 35, 39) . More recently, in several of these patients (SGOT, SGPT), lactate dehydrogenase (LDH), creatine phosinherited abnormalities affecting specific enzymes of carbohydrate phokinase, aldolase, alkaline phosphatase, total serum protein and metabolism have been demonstrated. These include deficiencies of electrophoresis, quantitative immunoglobulins, VDRL, T,, cerethe pyruvate dehydrogenase complex (PDH) (4, 9) . in pyruvate brospinal fluid (cells, protein, sugar, cultures, and VDRL), elecdecarboxylase (the first compcnent of this complex (PDC; EC. tromyogram, nerve conduction velocities, electrocardiogram, 1.1.4.1)) (3-6, 8, 16, 18, 19, 4b) and in pyruvate carboxylase x-rays of the skull and chest, and karyotype. Red blood cell (EC. 6.4.1.1) (11, 13, 23, 37, 38) .
glycolytic enzymes and A T P were normal. We now report studies of a boy with profound mental retardaFasting blood pyruvate and lactate were normal and rose to 0.2 1 tion and intermittent lactic acidosis in whom a brief period on a m M and 2. I m M , respectively. 2 hr after an ordinary hospital 714 CEDERBAUM ET AL.
meal. Normal values for pyruvate (0.04-0.14) and lactate (0.55-1.65) were determined in our laboratory in children studied under the same conditions. All other normal values used were obtained under comparable conditions in the patient and in control subjects. On two occasions this usual elevation of pyruvate and lactate was not seen. The cerebrospinal fluid level of pyruvate, 0.33 m M , was elevated (nl. 0.07-0.14 (6, 36)) whereas lactate, 1.8 mM, was near the upper end of the normal range. Random specimens of urine usually had mildly elevated levels of alanine of 160-220 mg/g creatinine vs. a normal of 10-60 mg (31) . but on several occasions this was entirely normal. Other urinary amino acids were normal. The plasma alanine level 2 hr after breakfast, 316 mM, while the patient was on a normal hospital diet and clinically well, was at the upper end of the normal range (3 1). Elevations of aspartate (63.4 m M ) and serine (340 m M ) in that sample are unexplained. In cerebrospinal fluid obtained at the same time. taurine (56 m M ) was high and threonine (16.0 m M ) was low although other amino acids were normal (14) .
On a 65% fat/ 15% carbohydrate diet, the patient's blood bicarbonate fell to 15 mEq/liter and his undiluted serum gave a moderately positive test for ketones with commercial Acetest tablets (Ames, Elkhart, Ind.). Blood pyruvate was then 0.2 m M . Neither this diet nor 300 mg/day of thiamine by mouth had any favorable effect on his clinical state or the levels of pyruvate and lactate in blood. Clinical studies of the effects of increased carbohydrate intake will be described below.
CASE 2
LAB, the older sister of the propositus and the first child in this family, was born at term after a normal pregnancy and delivery. Intrauterine activity was described as normal. Birth weight, length, and head circumference were normal and progressed well for 2 years after which marked deceleration of height and weight occurred. She was hypotonic, hypoactive. and had the same "peculiar" odor as the propositus. Neurologic disease and psychomotor retardation were noted by 6 months of age and at 5 years she was described as having spastic quadriplegia with bilateral extensor plantar reflexes. hyperactive deep tendon reflexes, muscle wasting. choreoathetoid movements, and flexion deformities of the hands and feet. She responded to loud noise and light and optic atrophy was suspected.
Later that year. after a fall from bed. hyperventilation and twitching developed which progressed over several hours to grand ma1 seizures and coma. There was mild acidosis. but the patient improved without specific therapy. The first recognized episode of severe acidosis occurred 1 year later with no obvious predisposing cause. The blood pH was below 7.0. glucose was 356 mg/dl before intravenous therapy, and lactate W;I< markedly elevated (41) . "Enormous and unprecedented" amounts of sodium bicarbonate (approximately replacing the total body fluid bicarbonate) were required over 2 days to restore acid-base balance, by which tinie the blood sugar had returned to normal. Lactate lcvels returned to normal or occasionally slightly elevated levels (according to the standards of the laboratory used) after thrs episode. Onc year iater, bilateral bronchopneumonia and seizures with moderate acidosis developed and the patient died within 24 hr primarily as ;I result of the pneumonia.
Except for extensive bronchopneumonia. the general autopsy was unremarkable. Neuropathologic findings will bc discussed below with those of the younger sister.
CASE 3
SB, the fourth and youngest child of this couple, was born after an unremarkable pregnancy and delivery. Because she. too. had the "peculiar" odor, the parents felt immediately that she was destined to he retarded like her siblings. From infancy she had severe growth retardation. microcephaly, premature closure of the font:~nels, profound psychomotor retardation, chronic irritability, spastic quadriparesis, hyperrellexia, decerebrate posturing. choreoathetosis, scissoring. optic atrophy, and blindness. Except during an episode of iron deficiency anemia, the following laboratory values were normal: electrolytes, calcium, phosphorus, 1 blood sugar, glucose tolerance test, ferric chloride test, blood urea nitrogen, alkaline phosphatase, LDH, creatinine phosphokinase, SCOT, SGPT, aldolase, cholesterol, protein-bound iodine, protein electrophoresis, routine cerebrospinal fluid studies, x-rays of the skull, chest, and wrist for bone age, routine karyotype, complete blood count, and urinalysis.
At 18 months of age, the patient was hospitalized for pneumonia. A mild acidosis at that time required no specific therapy. At 30 months of age, an upper respiratory infection heralded the onset of what was to be the first of numerous episodes of lactic , acidosis until her death during such an episode 1 year later. Large quantities of bicarbonate in glucose solution ( > 100 mEq) were used to treat arterial pH values as low as 6.79 and lactate levels described in her chart as "very high." On occasion, aciddsis would recur 1-4 days after a bout had been successfully controlled. Lactate was normal to slightly elevated between attacks. During several episodes, the test for ketones in the urine was said to have been positive. The general autopsy showed no abnormalities except for patchy bronchopneumonia, fatty metamorphosis of cells adjacent to the central veins of the liver, and deformities of the hands and feet.
FAMILY HISTORY I
Both parents are high school graduates and are clinically normal. There is no consanguinity. They have one normal daughter. Blood lactate ( < 10 m M ) and pyruvate ( < 0.08 m M ) levels in all three were normal 2 hr after a routine lunch. Two siblings of the mother are moderately retarded, the retardation of one said to be because of meningitis and the other occurring after 1 severe trauma in adolescence.
METHODS

CLINICAL STUDIES
All experiments were carried out, after obtaining explicit parental consent. on a clinical research ward.
For the glucose tolerance tests. 1.75 g glucose/kg body weight dissolved in water were given orally over a period of 5 -10 min. The routine test was performed after an overnight fast and.the ketonemic test was performed 6 hr after the last feeding, beginning in the 16th hour of a 65% fat diet in which 40% of the calories were 1 given as a commercial medium chain triglyceride preparation.
Kenonemia and ketonuria (Acetest tablets. Ames) were present before, during. and after completion of this latter study.
The high carbohydrate diet consisted or ordinary table foods supplemented with small ~imounts of glucose and contained 65'% of the calories as carbohydrates. 15% as fat, and 2070 as protein. It was given in three equal feedings a day until the patient became ill (see below). Urine was collected from the time of the first feeding bui wa.s riot analyzed until after he developcd lactic acidosis.
Routine clinical measurements were performed in the clinical Laboratory of the UCLA Center for the Health Sciences by standard procedures. Lactate and pyruvate levels were measured in our laboratory by a minor modification of the enzymatic method described in Sigma Technical Bulletin no. 826-UV. p-Hydroxybutyrate was measured by the method of McGarry et al. (25) . Urinary amino acids were measured by paper chromatography (33) and plasma and spinal fluid amino acids with a Beckman amino acid analyzer ( 1 )
LABORATORY STUDIES
Materials. Nonradioactive chemicals were the best grades readily available from the usual commercial sources. Radiochemicals were obtained either from New England Nuclear or Amersham-Searle and were used without further purification.
CARBOHYDRATE SENSITIVITY IN PYRUVATE DEHYDROGENASE DEFICIENCY
715
Fibroblasts, grown and harvested as described previously (3, 9) , were studied between 10 and 25 passages for all experiments, although we have found no changes in activities in up to 35 passages. Both control and patient cells had a doubling time of 3 days and were morphologically indistinguishable.
Studies o f Intact Cells. Cells were suspended in a volume of phosphate-buffered saline (PBS) (3) to give a final concentration of 150-300 mg protein/ml. Then 0.1 ml of this suspension was mixed with 0.01 ml M substrate containing lo5 cpm I4C, incubated at 37" for 1 hr and the radioactive C 0 2 collected without acidification by allowing the reaction mixture to remain at 4O for 10 min after the incubation (3). Palmitate bound to albumin was used in lower concentration (3) and prolonged trypsinization was used when citrate was the substrate (9) . Boiled cells were used as the "killed control."
Studies of Broken Cells. Fibroblasts from two 75 cm' T-flasks were washed three times in PBS and suspended in I ml saturated ammonium sulfate. They were allowed to stand for 10 min and then 4 ml Tris buffer (0.01 M Tris, pH 7.4, 0.05 M KCI, 0.004 M MgCI,, 0.03 M nicotinamide, and 0.001 M sodium sulfite) was added. After centrifugation at 10,000 x g for 30 min and with care to remove as much supernatant as possible. the pellet was resuspended in 1 ml Tris buffer, homogenized, and diluted to 2 ml final volume. In later experiments, the cells were homogenized in a solution containing 40% glycerol in the same Tris buffer. Comparable results were found with either method of disrupting the cells and, indeed, with sonicated cells. Assays of the total PDH complex (9) and of its first component, PDC (3). were as described previously except that cysteine was replaced with I mMdithiothreitol. T o test for activation (dephosphorylation) of PDH, extracts were incubated at room temperature 5-15 min in 10 mMMgCI, and 0.5 mM-CaCl, before assay. O n several occasions, a calculated excess of pig heart PDH phosphatase was also added (5, 32) .
T o measure the 2-oxoglutarate dehydrogenase complex (KGDH) the same technique was used as for PDH except that 0.2 mM-sodium [I-'4C]2-oxoglutarate replaced the pyruvate (7) .
Electrophoresis of LDH was done in the UCLA Clinical Laboratory with commercial standards. Enzyme assays and kinetic measurements were by a standard spectrophotometric technique ( 15) .
Significance of differences in mean values was determined by Student's t-test.
RESULTS
PATHOLOGY
The most prominent neuropathologic change in both case 2 and case 3 was lack of myelin without evidence for active demyelination.
In case 2, myelin was diminished in the spinal cord; markedly in the corticospinal, reticulospinal. and dorsal and ventral spinocerebellar tracts: partially in the gracile tract: and less so in the cuneate tract. Pontine strata fibers were attenuated. Loss of myelin was marked in the hilus of the dentate nucleus, in the radial fibers of the striatum, in subcortical U-fibers, in the centrum ovale, in the corpus callosum (which. however. maintained a normal contour), and in the cerebellar folia (Figs. 1-3) . The granule cells of the cerebellum were decreased; the neurons of the cortical strip appeared to be normally distributed. Reactive gliosis to the myelin loss was generally lacking.
In the less extensive material available from case 3, there was marked demyelination of the cerebrum and enlargement of the lateral ventricles. Beneath the demyelination, some U-fibers were present. Gitter cells and lipid accumulations were not seen. The brain stem appeared to be normal. The spinal cord was not available for examination.
HIGH CARBOHYDRATE DIET
Significant lactate aciduria occurred in the propositus within 12 hr of beginning the diet containing 65Y carbohydrate. By 55 hr. profound lactic acidosis was clinically obvious (Table I . Fig. 4) . Pyruvate was increased proportionately. The lactate to pyruvate ratio remained normal. Plasma glucose and alanine were significantly elevated as was urinary alanine, especially during hours 60-72. The highest urinary alanine levels, 440 and 360 mg/g creatinine, occurred in the third and fourth 12-hr pooled samples before the onset of clinical acidosis. The remainder of the plasma amino acids were normal. including aspartate and serine previously found to be elevated while the patient was on a normal hospital diet. (12) .
control of seemingly intractable and accelerating acidosis. Subsequently, less severe. self-limited episodes of acidosis were recognized, usually in association with minor respiratory infection.
The patient's urine gave a moderate to strong positive test for ketones using commercial Acetest tablets during carbohydrate loading. The color proved to be due to pyruvate which reacts in concentrations as low as M in water or urine. No acetoacetate or acetone was detected in the patient's urine when the dinitrophenylhydrazine derivatives of the urine were examined by thin layer chromatography (26) and no 8-hydroxybutyrate ( < 0 . 0 2 m M ) was found in the serum or urine when it was analyzed enzymatically. Once the false positive nature of the reaction was appreciated, the vivid purple color caused by ketone bodies was readily distinguished from the dirty grayish purple because of pyruvate. tu-Ketoglutarate gives a reddish color at higher concentrations. We presume that the positive ketone test in case 3 may also have been because of pyruvate.
GLUCOSE-PYRUVATE TEST
The levels of pyruvate in the patient's blood during a glucose tolerance test (Fig. 5) were significantly higher than those of 16 children and adults with various other neurologic diseases in whom blood glucose values were also normal. The ketonemia and ketonuria induccd acutely by a 16-hr high fat diet rich in medium chain triglycerides did not alter this abnormal pattern. The effect of prolonged high fat intake on this test could not be studied because of the patient's tendency to develop ketoacidosis (see above). The activities of P D C and K G D H were within the normal range (Table 3 ). A 10-to 100-fold excess of CoA, thiamine pyrophosphate. NAD', o r I m M lipoic acid (oxidized o r reduced) failed to alter enzyme activity in cells of the patient or controls. Mean values for P D H in extracts of the parents' cells la)( midway between those of the patient and controls. whereas those of the healthy sister were normal (Fig. 6) .
Mixing experiments failed to implicate a soluble inhibitor as a basis for the low P D H activity in the patient's cells (Table 4) . Preincubation of the extracts of both the patient's and control cells with 10 m M M g 2 + and 0.5 m M Ca" did not significantly increase P D H activity ( Table 5 ) . nor did the addition of partially purified pig heart pyruvate dehydrogenase phosphatase with M g t -and C a 2 * increase the activity in extracts of controls cells.
Normal range E3 0.1 to 0.7
Time in hours Fig. 4 . Lactic acid in the patient's urine after a carbohydrate load. The patient began a diet containing 65% of the calories as carbohydrate at time 0. At hour53 he had his final meal and was then maintained on glucose-free intravenous fluids. The amount of lactic acid is expressed as a ratio to the urinary creatinine. The shaded bar indicates the normal range as determined in 25 subjects from infancy to adolescence, in our laboratory. The patient excreted a total of over 30 g lactic acid into his urine during the period of hour 36 to hour 72. Cells from the patient and from control subjects were incubated in phosphate-buffered saline with 105 cpm of the appropriate substrate for 60 min and the "CO, evolved measured (3. 9). Values are mean + SEM.
The numbers in parentheses refer to the number of lines studied for the control subjects and the number of cultures studied for the patient. At least three cultures were studied for each control subject, except with leucine and valine where two cultures were tested. Each culture was studied in triplicate. P < 0.001. ' Activities were measured as described in the text. Values are means + SEM: numbers of control subjects studied are in parentheses. Triplicate determinations were performed on at least threc cultures from each individual studied.
The specific activity. electrophoretic isoenzyme pattern, and enzyme kinetics with varying concentrations of pyruvate and N A D were identical for lactate dehydrogenase in the fibroblasts cf the patient and of a control subject. In addition, the concentrations of lactate in the cultured fibroblasts and the culture medium were similar for the patient and control subjects at 24 and 48 hr of incubation after ch~tnge of the culture medium.
DISCUSSION
This patient and two of his sisters had an inherited disorder that resulted in a severe but intermittent lactic acidosis. Although blood pyruvate and lactate levels were near the upper limits o r normal under most circumstances. the defect was app;trently severe enough to prevent most postnatal psychomotor development and to stunt growth severell. Life-thre~~tening lactic acidosis occurred quickly in the propositus when he ate a diet containing 65% carbohydrate and 15% fat. This is similar to diets we and others have rcpeutedlq given to healthy people without any apparent adverse clinical el'fects or alterations in blood chemistry (22) . The close correlation between the total lactate excreted and the bicarbonate deficit suggests that lactate was the major acidic metabolite produced by the tissues of the patient. Similar sensitivity to carbohydrates (or dependence on fats) has been demonrtrated in three other patients with P D C deficiency (16, 17, 19) ; another patient with P D H deficiency reportedly did better on a high fat diet, but control studies could not be done (9) .
When the carbohydrates in the diet were increased. the fat content was reduced. Fats, either as fatty acids o r as ketone bodies, provide a metabolic fuel which bypasses a block at pyruvate oxidation and provides acetyl-CoA for citrate synthesis in the tricarboxylic acid cycle. Lack of adequate substrate for the tricarboxylic acid cycle might be expected to stimulate glycolysis. However, ketonemia induced by 10 hr of lipid feeding did not prevent the usuai rise in pyruvate with glucose loading (Fig. 5) . The role and significance of hyperglycemia during the episode of lactic acidosis is nct clear.
A deficiency in the oxidation of pyruvate was demonstrated in vitro in this patient's undis!upted cultured skin fibroblasts. Oxidation of the 'xtty acid palmitate, the amino acid glutamate, and the citric acid cycle intermediate citrate were all comparable with control v:~!ues ( Table 2 ). Enzymatic studies with disrupted fibroblasts (Table 3 ) confirmed a defect in the P D H complex. which catalyzes the oxidation of pyruvate to acetyl-CoA and CO,. This could not be attributed to an abnormality in the binding of a cofactor, t o the presence of a soluble inhibitor (Table 4 ). or to a failure of activation of the P D H complex by the phosphatase which dephosphorylates inactivated P D C ( Table 5 ). The activity of PDC, measured in the ferricyanide-linked assay at pH 6.0. was within the Fig. 6 . Pyruvate dehydrogenase activity in disrupted fibroblasts from the patient and his family. The activity of the pyruvate dehydrogenase complex was measured radiochemically as described in the text. The symbols indicate the mean I SEM for triplicate determination with 47 cultures from eight control subjects, for 17 cultures from the patient. and for 6-7 cultures for his reiatives.**: P < 0.001. (4) 210 + 33 (7) 0.5 mM CaCI, ' Activities were measured as described in the text. Values are means SEM. Triplicate determinations were done on the number of cultures shown in parentheses. The final concentrations of the compounds added are shown. Results were similar whether the extracts were preincubated with these materials for 20 min at room temperature, whether the materials were simply added at the beginning of the 30-min incubations, or whether purified bovine heart pyruvate dehydrogenase complex phosphatase was added range for control fibroblasts as was the activity of the KGDH complex. Sakurai et al. (30) has shown that the third enzyme of the P D H complex, lipoamide dehydrogenase (EC. 1. 6.4.3) . is the same protein in the PDH and KGDH complexes from pig heart. Thus, by inference, the enzymatic defect appears to lie in the second enzyme of the PDH complex, lipoate acetyltransferase (EC. 2.3.1.12). Direct assay of this enzyme and lipoamide dehydrogenase would be required for this conclusion to be certain, but the assays have proven difficult to adapt to the small amount of material available from cultured fibroblasts. These observations confirm and extend previous studies of cells from another patient with lactic acidosis of childhood (4, 9) . and are in contrast to most other patients with PDH deficiency in whom the defect appears to be in PDC (3-6, 8, 16, 18, 19) .
The values for P D H in the extracts of the parents' cells were midway between those of the patient and control subjects and were in accord with the pedigree data, suggesting that both were heterozygous for a primary inherited deficiency of PDH.
Lactate and pyruvate acidemia has sometimes been described in patients with the subacute necrati~ing encephalomyelopathy of Leigh (28) . A sample of urine from the propositus did not contain the inhibitor which has been proposed as a test for Leigh's syndrome (29) . The necrotic foci, glial reaction, and capillary proliferation characteristic of Leigh's encephalomyelopathy were absent in the brains of the two sisters of the propositus (27) . The greatly reduced but normal appearing myelin sheaths and the absence of gliosis both Favor a developmental rather than a destructive process in these cases.
The detection of patients with PDH deficiencies remains difficult. The clinical picture is too variable to be diagnostic, although small stature and ataxia have been found frequently thus far (4) . Urinary alanine excretion may be normal in the absence of an acute exacerbation and urinary pyruvate and iactate excretion usually does not rise until blood values are more than 2-3 times normal. Postprandial blood pyruvate level. especially after a high carbohydrate meal, appears to be the best clinical test available. In retrospect, the glucose-pyruvate test might have been used to foreshadow the clinical deterioration in this patient and in two others with PDC deficiency who were fed a high carbohydrate diet. Confirmation of the diagnosis may be accomplished using cultured skin fibroblasts; rapid diagnosis would require enzyme assays in biopsied liver at the present time. The discovery of two families with PDH deficiency at UCLA in a short period of time and reports of an increasing number of isolated patients suggest that this condition may not be rare.
Although it is easy to assume that even a partial deficiency of so critical an enzyme as that responsible for producing acetyl-CoA from glucose and pyruvate should lead to a severe developmental disability, the precise relationship between the defect and the pathogenesis and the carbohydrate sensitivity remains to be elucidated. In animals, moderate deficiencies in the oxidation of carbohydrates d o not lead to reductions in the levels of A T P or in the energy charge potential in the brain but do impair biosynthetic activities including the synthesis of acetylcholine (4, 20) . SUMMARY A 9-year-old, severely retarded, neurologically damaged boy with minimal elevations of blood pyruvate and lactate levels developed severe lactic acidosis on a high carbohydrate diet. Two affected sisters had spontaneous episodes of lactic acidosis and were found at autopsy to be severely myelin deficient in the brain. Study of whole and disrupted skin fibroblasts revealed a deficiency in pyruvate dehydrogenase complex activity which was inherited in an autosomal recessive manner.
Erythrocyte protoporphyrin ! lead poisoning (1). M e a n concentration of E P in children whose blood lead concentration was less than 3 0 pg/dl was 34.7 fig/dl whole blood &
( S D )
. M e a n E P concentration in children with blood lead concentrations of 40-59 pg/dl was 80.8 pg/dl. I t was 158 pg/dl for children with blood lead concentrations greater than 59 pg/dl. All children in this last group had concordant values for Pb and E P on the first or second test.
Speculation
Screening for lead poisoning using capillary blood determination of erythrocyte protoporphyrin as determined by the direct reading dedicated fluorometer is adequate for ascertaining all children in possible need of immediate treatment. The authors believe, however, that screening should be done using both E P and blood lead Printed in U.S.A determinations. The goal of lead poisoning control programs is to eliminate childhood lead poisoning by preventing expostire to lead hazards. Even after elimination of values from children with transient elevation of blood lead concentrations and those with falsely elevated concentrations because of contamination or laboratory error there is a significant number of children with blood lead concentrations of 40-59 @g/dl who do not have elevated E P concentrations. Opportunities for protecting these children from further lead paint hazards will be lost.
Measurement of erythrocyte protoporphyrin concentration in blood in children at risk for lead poisoning is of recognized value for lead poisoning prevention programs. The development of the direct reading instrument reported by Lamola e / al. ( I ) makes the determination simple and quick. This report relates our experience with a prototype instrument made available to us for use in June-August 1975 (3).
